Abstract. The epithelial cell adhesion molecule (EpCAM) gene has been found to be highly expressed in carcinomas of various origins; however, the molecular mechanisms underlying the transcriptional regulation of EpCAM remain poorly understood. The purpose of this experiment was to study the relationship between EpCAM gene overexpression and CpG island methylation status in the promoter region in cell cultures and normal colon epithelial and colorectal cancer tissues. Real-time quantitative PCR and bisulfite sequencing PCR were employed to detect EpCAM gene expression and to analyze the methylation status of the CpG islands. In addition, EpCAM gene expression and methylation status of CpG islands were studied in promoter methylation cell lines treated with a DNA methyltransferase inhibitor. It was found that most CpG dinucleotides were unmethylated in cell lines and cancer tissues where the EpCAM gene was highly expressed whereas most CpG dinucleotides were methylated in EpCAM gene unexpressed cell lines and normal colon tissues. When cells were treated with demethylating agent, CpG islands were demethylated, although EpCAM gene expression did not increase suggesting that unmethylation of the EpCAM promoter region was not responsible for EpCAM overexpression. The results of the study described herein suggest that unmethylation of the EpCAM promoter region was associated with EpCAM overexpression; however, it was not responsible for EpCAM overexpression by itself. Further research is required to determine which factors are responsible for EpCAM gene expression.
Introduction
The epithelial cell adhesion molecule (EpCAM) is encoded by the GA733-2 gene (1) and a Ca 2+/-independent homotypic cell-cell adhesion molecule with a size of 40 kDa (2, 3) . EpCAM is often expressed on the base-lateral cell surface of human carcinoma and in most normal epithelial tissues as well (4) . The gene's cDNA was independently cloned by a number of groups in the early 1990s (5-7) and was mapped to chromosome 2q21 (8) , although it was subsequently found that this gene was actually located on chromosome 4q1 (1) .
Since EpCAM recognizes a tumor-associated antigen expressed by the majority of human epithelial neoplasias, it attracted major attention as a target for immunotherapy to combat human carcinomas (9, 10) . Previously, the EpCAM gene was found to be highly expressed in carcinomas of various origins (11) . It was also found that overexpression of EpCAM was related to the prognosis of these tumors (12) (13) (14) . To elucidate the mechanisms that underlie the abnormal expression of the EpCAM gene in cancer cells, Gires et al and McLaughlin et al both studied the EpCAM gene promoter function. These groups found that the EpCAM gene was primarily controlled by regulatory sequences located 570 or 687 bp upstream of the 5'extreme of this gene (15, 16) .
Altered DNA methylation at CpG dinucleotides in the promoter region has recently been recognized as an important mechanism for the regulation of gene expression in human cancers (17, 18) . Hypomethylation of CpG dinucleotides were found in a number of genes involved with gene overexpression in cancers (19) (20) (21) (22) (23) , while hypermethylation of the CpG island of the promoter region deregulates gene expression (24, 26) . As a basis for the present study, the sequences of the EpCAM gene promoter were analyzed and found one CpG island located in the -366 to +612 bp region (http://genome.ucsc.edu) (position: chr2: 47449783-47450760, band: 2p21, genomic size: 978 CpG, count: 117, percentage CpG:23.9%, rate of observed to expected CpG:0.88). Information pertaining to whether CpG island methylation status correlated with gene expression and reports describing the relationship between the EpCAM gene promoter methylation status and gene expression were scant. Therefore, the purpose of this present investigation was to study the relationship between EpCAM gene overexpression and CpG island methylation status in the EpCAM promoter.
Materials and methods
Cell lines and culture conditions. The chosen cell lines were from different tissue and organ origin including: colon cancer cell lines, breast cancer cell lines, prostate cancer cell lines, liver cancer tissues and haematological tumor cell lines. The cell lines: HR-8348, HCT-8 and PC-3 were obtained from the Institute of Biochemistry and Cell Biology of Shanghai, P.R. China. The others were from our laboratory. Growth conditions of cell lines were as follows: Liver cancer cell lines (BEL-7407, BEL-7404, HepG2), colon cancer cell lines (HR-8348, HCT-8, LoVo), haematological tumor cell lines (Jurket, U937, J-111, HL-60, k562) and the breast cancer cell line (MCF-7) were grown in RPMI-1640 with 10-15% fetal calf serum (FCS) in 5% CO 2 humidified atmosphere; Caco-2 (colon cancer cell line) was grown in Dulbecco's Modified Eagle's Medium (DMEM) with 10-15% FCS in 5% CO 2 humidified atmosphere; prostate cell lines (PC-3, LANcap) were grown in F12 with 10-15% FCS in 5% CO 2 humidified atmosphere.
Tissue specimens. Colon cancer and normal tissue samples were obtained from 16 colon cancer patients undergoing surgical therapy for the treatment of colon cancer at the Sun Yat-sen University Cancer Center. All tissue specimens were evaluated immediately at the time of excision by a surgical pathologist at the time of acquisition. Each colon cancer and normal tissue sample was divided into two parts. One part of the tissues was used to detect the EpCAM gene expression and the CpG island methylated status in promoter by real-timeqPCR and bisulfate sequencing PCR (BSP), while the other part was sent for routine pathology analysis. Normal colon tissue samples were obtained from the above-mentioned patients at least 3 cm away from malignant tissue sections.
Total RNA and DNA isolation. Total cellar RNA and genomic DNA was isolated from all cell lines and normal tissues and cancer tissues using an RNA and DNA extraction kit (Qiagen RNA/DNA kit, Germany) according to the manufacturer's instructions. RNA and DNA were quantified by UV spectrophotometer (Shimadzu, Japan) and stored at -70˚C until time of analysis.
Primer and probe design. Primers and probes for analyzing the EpCAM gene and ß-actin were designed by Pekin-Elmer Primer Express software. The primers were designed to be intron-spanning to preclude amplification of genomic DNA. 
Quantified EpCAM gene expression in cell lines and tissues.
Reverse transcription (RT) was performed using Wizard First-Strand synthesis kit (Promega Corporation, WI, USA) according to the manufacturer's instructions. Briefly, 1 μg total RNA was reverse transcribed into cDNA in a total reaction volume of 25 μl, which contained 1 μM of random primer, 200 units of MMLV reverse transcriptase, 1X Buffer and 200 μM dNTPs. The mixture was incubated at 42˚C for 1 h, followed by 94˚C for 10 min to inactive the reverse transcriptase. EpCAM mRNA levels were quantified by using ABI PRISM 7000 Sequence Detection System (PE Company, USA). The real-time-qPCR was carried out in a 50 μl reaction volume containing 1X Buffer, 200 μM dNTP, 200 nM of both forward and reverse primers, 120 μM Taq Mam probe, 5 μl of cDNA template and 2.5 units Taq polymerase. The reaction was initially denatured at 94˚C for 3 min, then cycled 40 times at 94˚C for 30 sec and 55˚C for 1 min. ß-actin was used as an internal control gene.
Data analysis.
The real-time-qPCR results were analyzed by using Q-Gene software (27) and SPSS 10.0. Q-Gene software expressed data as mean normalized expression (MNE). MNE is directly proportional to the amount of RNA of the target gene (EpCAM) relative to the amount of RNA of the reference gene (ß-actin). The standard error (SE) was calculated by Q-Gene software using the differential equation of Gauss.
Analyzing the methylation status in tumor cell lines and tissues
Bisulphite conversion reaction. Tissue DNA (3 μg) was denatured by adding freshly prepared NaOH to a final concentration of 0.3 M in a reaction volume of 50 μl and incubating for 15 min at 37˚C. To this, 30 μl of 10 mM hydroquinone (Sigma, MO, USA) and 520 μl of 3 M sodium bisulfite (Sigma) at pH 5.0 were added and mixed. The samples were incubated under mineral oil at 55˚C for 16 h. Modified DNA was purified using the Wizard DNA purification resin according to the manufacturer's instructions (Promega Corporation) and eluted in 50 μl of water. Modification was completed by adding NaOH (to a final concentration of 0.3 M), incubated for 10 min at 37˚C, followed by ethanol precipitation. DNA was resuspended in 40 μl of water and was either used immediately or stored at -70˚C until time of analysis.
PCR amplification and cloning sequencing. Six primers for EpCAM promoter region (Table I) were designed using oligo 6.0 and included the -499 to +612 regions. PCR was performed in a 50 μl reaction volume that contained 1X Buffer, 200 μM dNTPs, 200 nM of both forward and reverse primers, 4 μl bisulphite-treated genomic DNA template and 2.5 units Taq polymerase. The PCR products were ligated into the PMD18T-vector (Takara, Dalian, P.R. China) and transformed into competent E. coli (DH5a) according to manufacturer's instructions (Takara). Ten clones from each sample were sequenced by Bioasia Company, Shanghai.
Treatment with 5-Aza-2'-deoxytidine and EpCAM gene expression detection.
In order to study the relationship between gene overexpression and CpG island methylation status in the EpCAM promoter region, CpG island methylated cell line K562 and HepG2 were treated with 5-Aza-2'-deoxytidine (Sigma). These cell lines were seeded at a density of 3x10 5 cells/100 mm 2 dish and allowed to settle over 24 h. 5-Aza-2'-deoxytidine was then added to the medium at a final concentration of 5 μM. Media were changed every 24 h with freshly prepared medium containing 5-Aza-2'-deoxytidine. After 96 h, cells were harvested and subjected to RNA and DNA extraction to detect EpCAM gene expression and promoter methylation status by real-time-qPCR and BSP.
Immunohistochemistry. A portion of 5-Aza-2'-deoxytidinetreated cells were analyzed by immunohistochemistry staining using the Elivision™ plus kit (Maixin Biological, Fuzhou, P.R. China) according to manufacturer's instructions. The reaction products were visualized with diaminobenzidine (DAB) and slides were counterstained with hematoxylin, dehydrated and evaluated by light microscopy. Phosphatebuffered saline (PBS) solution was used instead of the primary antibody for negative controls.
Results
EpCAM expression in tumor cell lines. Real-time-qPCR analysis revealed that EpCAM was highly expressed in colon (HR-8348, HCT-8, LoVo, Caco-2), prostate (PC-3, LANcap), and breast (MCF-7) tumor cell lines. In contrast, EpCAM was expressed at very low to almost negligible levels in liver tumor cell lines (BEL-7407, BEL-7404 and HepG2) and haematological tumor (Jurket, U937, J-111, HL-60, k562) cell lines (Fig. 1) . In cell lines with a high expression of EpCAM, the mean normalized expression (MNE) ranged between Table I . Primer sequences, position, product size and corresponding amplification PCR condition. 2.14E+01 and 2.82E+00 [mean = 7.78E+00; standard error (SE) = 6.36E+00] whereas in EpCAM unexpressed cell lines, MNE ranged between 7.56E-06 and 2.19E-06 (mean = 4.48E-06; SE = 2.04E-06). These results indicated that EpCAM expression was different in the cell lines which come from different origin (P<0.01).
CpG island methylation status of the EpCAM gene promoter in tumor cell lines.
Through clone sequencing, it was found that most of the CpG dinucleotides in the EpCAM promoter were unmethylated in cell lines of HR-8348, HCT-8, LoVo, Caco-2, MCF-7, PC-3 and LANcap that highly expressed in the EpCAM gene. In contrast, most of the CpG dinucleotides were methylated in cell lines of BEL-7407, BEL-7404, HepG2, Junket, U937, J-111, HL-60 and K562 EpCAM gene.
The promoter methylation region was divided in two parts. The first part was from -437 to -344, and it included the Sp1 site (GGGGmCGGGG), while the second part was from -248 to +612 and included exon 1 and part of intron 1. From -344 to -248 regions, around the Ap1 site, the CpG dinucleotides were unmethylated in all cell lines. Parts of the sequencing (-417 to -354) results are shown in Fig. 2 and total methylation pattern of all cell lines is shown in Fig. 3A .
In liver and haematological tumor cell lines, the EpCAM gene was expressed at the same level; however, the CpG dinucleotide methylation status was found to be different. In liver cancer cell lines, CpG island methylation status was 50% of the CpG island methylation identified in the haematological cell line EpCAM gene promoter region (Fig. 3A) .
EpCAM gene expression and CpGs methylation status in
colon tissue samples. The EpCAM gene expression was different in normal colon tissues compared to colon cancer tissues. In the normal colon tissues, the MNE ranged between 4.58E-02 and 4.71E-03 (mean = 1.58E-02; SE = 1.29E-02).
In the colon cancer tissues, the MNE ranged between 2.95E+01 and 3.80E+00 (mean = 4.48E-06; SE = 2.04E-06). These results indicate that the expression level of EpCAM was 1000-fold higher in colon cancers than normal colon tissues (P<0.01). Routine pathology analysis diagnosed 11 colon cancer tissue samples were highly differentiated adenocarcinoma. The remaining 5 samples were poorly differentiated adenocinoma. The EpCAM expression was about the same level between these two groups (P>0.05).
Through bisulfite sequencing PCR, we found that the CpGs methylation status in the EpCAM gene promoter region was also different in normal colon tissues compared to colon cancer tissue. In colon cancer tissues, most CpGs were unmethylated, but in normal colon tissues, only ~50% of the CpGs were unmethylated. The methylation status patterns were similar in all patients and a representative pattern is shown in Fig. 3B .
EpCAM gene expression after demethylation.
After treatment with 5-Aza-2'-deoxytidine for 96 h, most of the methylated CpGs were converted into unmethylated CpGs in the EpCAM gene promoter region in the HepG2 and K562 cell lines. The methylation statuses of all CpG dinucleotides are shown in Fig. 3C . Real-time-qPCR and immunohistochemistry were used to detect if the EpCAM gene could re-express after methylated CpG dinucleotides were converted to unmethylated status by 5-Aza-2'-deoxytidine in these two cell lines (Fig. 4) .
Results revealed that in K562 cell lines, the MNE was 1.72E-06 compared to 1.79E-06 in the control cells. In HepG2 cell lines, the MNE was 2.32E-07 and the control was 2.53E-06. Thus, the EpCAM gene expression did not exhibit any remarkable changes after methylated CpGs were converted to unmethylated CpGs. The results from immunohistochemistry straining also demonstrated that the EpCAM gene did not re-express in HepG2 and k562 cell lines after the methylated CpGs converted to unmethylated CpGs by 5-Aza-2'-deoxytidine (Fig. 5) . 
Discussion
The putative EpCAM promoter contained consensus-binding sites for the Sp1 and Ap1 transcription factors, but no TATA or CAAT boxes were found (1) and the Sp1 site protected the promoter from methylation (28, 29) . The CpG islands provided in human genome data (http://genome.ucsc.edu) did not include either the Sp1 or Ap1 sites. In order to determine the methylation status of Sp1 and Ap1, we chose -499-+612 position in the promoter region and real-time qPCR and BSP were employed to study the relationship between EpCAM gene expression and CpG island methylation status.
In this study, it was found that the EpCAM gene was overexpressed in colon, breast and prostate cancer cell lines, but not in liver or haematological tumor cell lines. The CpG island methylation status was also different in each of these cell lines which have different origins. In EpCAM highly expressed cell lines, the CpG islands were unmethylated, which was in contrast to the EpCAM unexpressed cell lines where the CpG island was methylated. In normal colon tissues, the EpCAM gene was expressed less than in colon cancer tissues. Further, the CpG islands were unmethylated in colon cancer tissues, but approximately half of the CpG islands in the promoter region were methylated in normal colon tissue. Based on these results, it appears that EpCAM gene expression was associated with CpG island methylation and methylation level was related to EpCAM gene expression.
To determine if CpG island unmethylation was driving gene overexpression, K562 and HepG2 were selected as targeted cell lines because their origin and CpG dinucleotide methylation status were different. It was suggested that if the EpCAM gene was re-expressed after CpG dinucleotides were demethylated, then it may be reasonable to conclude that some methylation sites may be critical in EpCAM gene expression. This supposition was presented based on the fact that CpG dinucleotide methylation status affects EpCAM gene expression. Therefore, if the EpCAM gene did not re-express after demethylation, then obviously methylation was not responsible for EpCAM gene overexpression. In this study, after the CpG islands were demethylated, EpCAM gene expression level did not increase in either cell line. Furthermore, the immunohistochemistry analysis did not reveal any EpCAM gene expression in either of the two cell lines. These findings indicate that even if all CpG dinucleotides were demethylated in EpCAM gene promoter region, EpCAM gene would not re-express. Although CpG island demethylation appeared to be associated with EpCAM gene overexpression, this demethylation was actually not responsible for the observed overexpression. That is to say that there may be other factors that regulate EpCAM gene expression besides promoter demethylation.
A recent study implicated promoter methylation in the regulation of EpCAM expression in breast cancer cell lines and tissues (30) . This group found that promoter methylation did not appear to be a crucial mechanism for regulation of gene expression. In contrast, other research groups found that DNA methylation and histone modification were in fact capable of regulating EpCAM gene expression (31) . However, in HepG2 and K562 cell lines, following CpG island demethylation, EpCAM gene expression levels did not increase in either cell line. As it is widely known, DNA methylation and histone modification are interrelated epigenetic mechanisms known to play a key role in transcriptional control in some genes (32) . One explanation was that EpCAM gene expression are related both to promoter demethylation and histone acetylation. On the other hand, EpCAM gene was a tissue-specific gene (4), and genes with tissue-specific expression can be divided in two groups according to the content of promoter CpG dinucleotides, and CpG-rich promoters depend solely on the presence of tissuespecific transcription factors (33) . Furthermore, a significant difference of EpCAM expression in various subtype lung cancers was observed (34) . Thus it is possible that EpCAM express may depend on the biological context of the tumor microenvironment and its expression in cancer could be tissue-and/or cell-specific.
In haematological tumor cell lines, the CpG island was completely methylated while in liver tumor cell lines, although EpCAM gene expressed the same level as the haematological tumor cell lines, only half of the CpG islands were methylated. This finding also implicated that the promoter demethylation was not responsible for EpCAM gene expression by itself.
In the SP1 site, the CpG dinucleotides were methylated, but the CpG dinucleotides around the AP1 site were unmethylated in all cell lines and tissues (Fig. 3 ). Ap1 site was nuclear transcription factor binding site (35) , if it is possible that this nuclear transcription factor protects the AP1 site from methylation. Thus, still more research is necessary on this region.
In conclusion, the results of the study described herein suggest that unmethylation of the EpCAM promoter region was associated with EpCAM overexpression; however, it was later demonstrated that unmethylation was not responsible for EpCAM overexpression by itself. Clearly, further research is required to determine which factors are responsible for EpCAM gene expression.
